trends of Pacific-Asia countries, and construction, leasing activities, vacancy, rents, and investment activities in residential and office sectors. Similarly, Knight Frank's quarterly Asia Pacific Property Review provides information on national economic outlook, and supply and demand conditions in selected sectors of selected cities in potential Pacific-Asia markets. These reports reveal the variations of metropolitan markets at the macrolevel and serve as useful aids to the selection of cities for investment. In contrast, generalizations and reports about intrametropolitan variations of real-estate markets are not readily available. Analysts and researchers often encounter problems such as paucity of data and the ability to handle them. According to Shearmur and Coffey (2002) , generalizations about intrametropolitan spatial structurè`m ade on the basis of scarce data, incompatible methodologies, and often highly aggregated (either geographically or sectorally) data, appear less convincing'' (page 577). Indeed, as Longley and Mesev (2000) have claimed,``our ability to develop understanding of physical and socioeconomic distributions through urban modeling remains limited by the quality and scope of data available'' (page 473).
My purpose in this paper is to shed light on the spatial structure of metropolitan space economies as reflected by the spatial distribution of residential property values in Pacific-Asia cities. In using Beijing, China, and Jakarta, Indonesia, as examples, I demonstrate unique spatial configurations in the distribution of residential property values in Pacific-Asian metropolitan areas, and distinctive distance-decay functions in the various geographical sectors within large cities. The dynamic variations between Beijing and Jakarta, and those within each of these two cities are visualized by three-dimensional models constructed with the aid of the triangulated irregular network (TIN) method. These variations were determined by curve-estimation statistics. I present the TIN surfaces together with discussions on factors including the historical processes and localities, current planning and development, and institutional interplay between government and other actors, as they play important roles in shaping the spatial distribution pattern of residential property values. By separating historical corridors and sites from the rest of the city, I demonstrate that datasets for different geographical areas require different models and functions. As my main purpose in this paper is to reveal the spatial configuration of property-value distributions in intermetropolitan and intrametropolitan space in Pacific-Asia by making use of the TIN method and statistics, my discussion of the sociohistorical processes and their impact on the spatial patterns are limited and play only a secondary role; these discussions are based on secondary data and a few unsystematic interviews in the two cities. A systematic treatment of the sociohistorical factors and their influences in shaping intrametropolitan spatial variations is beyond the scope of this paper. Physical factors such as distance to the central business district (CBD), to the nearest highways, to clusters of service facilities, etc are not included as they have been reported elsewhere (see, for example, Han and Basuki, 2001 ). The aforementioned selected aspects are helpful in the operationalization of the research as this study covers two huge Pacific-Asia cities.
This paper is organized into eight sections. After this introductory section, in section 2 I provide a literature review on the spatial characteristics of metropolitan real-estate markets, emphasizing the spatial patterns and the determinants of these patterns. In section 3 I describe the methodology: the two case-study cities are introduced in terms of their urban settings, the nature of the data, and the methods of digital terrain construction. In sections 4 and 5 I present and evaluate the spatial distribution of residential property values and the factors associated with the patterns in each of the two cities. In section 6 I examine the intrametropolitan variations by means of three-dimensional profiles and curve-estimation statistics. The concept of the `history-development core' is introduced and used for data disaggregation. In section 7 I discuss some of the main contributions of this study. In section 8 I provide a summary and conclusions.
2 Metropolitan property-value distribution ö a dynamic surface Studies on metropolitan spatial structure focus on the distribution of population densities and, to a lesser extent, employment densities. Ingram (1998) and Anas et al (1998) provide excellent reviews on what has been learned. According to Ingram (1998) , large metropolitan areas, both in developed and in developing countries, are converging to similarly decentralized structures with multiple subcenters, as a result of decentralization of the manufacturing sector and the more centralized service sectors (page 1019). Such a generalization is questionable, however, as valid comparisons have yet to be made (Forstall and Greene, 1997, page 705; Shearmur and Coffey, 2002, page 594) . Anas et al (1998) summarize efforts, mainly in economics, made in modeling the changing patterns as a result of the changing relationships within and between firms as an important source for spatial dynamics (page 1427):``Considerable success has been attained'' by the use of exponential functions incorporating multiple centers to explain density and land-value patterns in a number of US cities, and the monocentric pattern is`soundly rejected' (Anas et al, 1998 . In addition, some urban geographers describe metropolitan spatial structure by using the idea of the fractal, which is, mathematically,``the limiting result of a process of repeatedly replicating, at smaller and smaller scales, the same geometric element'' (Anas et al, 1998 . However, the level of data aggregation affects the fractal dimensions of a city (Batty and Longley, 1994) . The underlying assumption that a city's fine structure is a miniature of the coarse structure is questionable, as``the process operating at the micro and macro scales are probably very different: fine structure may reflect local zoning rules or developers' detailed design strategies, while coarse structure may reflect regional planning, regional transportation facilities, or land speculation based on anticipated regional growth'' (Anas et al, 1998 (Anas et al, , page 1433 .
Our current understanding of the property-value surface of metropolitan areas is rooted in von Thu« nen's theory of agricultural land use, which was postulated almost two centuries ago. According to von Thu« nen, there is a distance-decay pattern in the arrangement of agricultural land use, centered on a city serving as the sole market for agricultural products. Agricultural land would be arranged in a concentric ring pattern, with horticulture and dairy farming in the inner ring around the city and lower intensity land uses towards the outer rings. The main factors explaining this arrangement were transportation and location rent. In other words, as distance increases from the city, transportation costs would be higher, and thus location rents would be lower and use of the land less intensive. In 1903 Hurd introduced von Thu« nen's concept to the study of urban land values, arguing that nearness to the center of the city would be the determinant for land value. Alonso (1964) articulated the classic theory of rent and location, and applied the concept of`bid rent' to explain the location of different urban activities such as office, retailing, manufacturing, and various residence types. A monocentric pattern of land value, with the highest in the city center and values gradually declining with increasing distance from the center became a widely used generalization of metropolitan property-value surfaces.
A number of studies were carried out to test the monocentric property-value pattern. In 1962 Knos (see Lusht, 1997 ) constructed a land-value surface for Topeka, Kansas, which shows a pattern``that is strikingly similar to the theoretical model'' (Lusht, 1997, pages 27^28) . Other empirical examples include US cities such as Chicago; Austin, and Dallas, Texas; Atlanta; Cleveland; San Francisco; Washington, DC; and foreign cities in Australia, Canada, England, Scotland, and Japan (see Lusht, 1997, page 27; Shearmur and Coffey, 2002 , page 577 for details). A recent work on Sydney, Australia, reveals that from 1931 to 1989 house and land prices decreased exponentially with distance from the CBD (Abelson, 1997) . Nevertheless, the explanatory power of distance to CBD became weak in shaping the property-value surface over the years. As Yeates and Garner (1971) found, 75% of land-value variations were explained by the distance variable alone in Chicago in the early 20th century, whereas in the 1960s, the distance variable could only explain 10% of the total variations of the land values.
One of the main reasons for the weakening power of distance to CBD in explaining land-value changes was the improvement in transportation systems: the rapid development of highway systems, the wide use of automobiles, and the obsolescence of mass-transit systems in US cities. The modern highway network significantly reduced shipping costs and led to the death of the tyranny of distance which was the key impediment to urban growth in preindustrial cities (Duranton, 1999) . The obsolescence of mass transit in US cities, and the wide use of automobiles, weakened the spatial link between land value and large business centers (Sivitanidou, 1997) . About half a century ago outlying centers, which were mainly located around major highway intersections and served as regional centers, emerged alongside the central business areas (Fonseca and Wong, 2000) . This led to a polycentric urban form and a new property-value surface, with the highest land values in the CBD area as well as in a number of high-value suburban centers (Berry et al, 1993) . Empirical research reveals that many US cities, such as Chicago, Los Angeles, and the San Francisco Bay area, assumed the polycentric pattern in their urban spatial structure (Cervero and Wu, 1997; Giuliano and Small, 1991; McDonald and McMillen, 1998) . The polycentric urban form was also developing in other countries (Ingram, 1998) . In advanced economies, polycentrism became one of the defining characteristics of the urban landscape (Kloosterman and Musterd, 2001 ). In addition, other factors such as site topography, land-use zoning, and floodplain elevation requirements became important considerations in property valuation. Empirical findings reveal that site characteristics; distance to main amenities such as regional centers, schools, and parks; local changes in population; and housing units and ethnic mix; as well as planning policies such as land-use zoning, were all important factors shaping the property-value surface (Lusht, 1997) .
Studies on property-value surfaces in Pacific-Asia cities are few and far from conclusive. Dowall and Leaf (1991) examined the impact of distance to CBD, infrastructure, and land title on the median value of residential land and found that land values in Jakarta were higher in the central area than in those areas further away from the CBD. Dowall (1992) found that in Bangkok the spatial pattern of land values for housing was highest in the city center and declined with increasing distance. However, the gradient was flattening out over the years as suburban land prices increased faster than those in the central city. Han and Basuki (2001) , using kelurahan-based valuation data in the late 1990s, plotted a series of choropleth maps showing the distribution of land values in Jakarta. They discovered a similar trend of higher land values in central areas and lower values in noncentral areas, but the maps also showed significant variations and inconsistencies from the distance-decay pattern. Han et al (2002) studied the distribution pattern of transaction prices of landed housing in Singapore, and reported that the planned prime housing area accommodated the properties with the highest transaction prices.
3 Objectives, data, and method My main objective in this paper is to examine the intermetropolitan and intrametropolitan variations in residential property-value distributions in Pacific-Asia. Secondarily, I introduce the use of a three-dimensional visualization method to demonstrate the spatial distributions patterns and the use of data disaggregation incorporating sociohistorical considerations in statistical modeling. A visual presentation of the property-value surfaces was constructed by use of the digital terrain model (DTM). This surface model makes use of individual housing value samples as point input, rather than an aggregate geographical area, as the analysis unit, and thus provides a more accurate surface description than that produced in the early studies. The comparison between two cities helps to examine the extent to which characteristics in spatial distribution are common among Pacific-Asia metropolises. For reasons of data availability, Beijing, China, and Jakarta, Indonesia, were selected for the study. Though different pairs of cities could be formed and studied, the use of Beijing and Jakarta is reasonable as both are capital cities of countries with large populations. These two cities also serve as economic centers in the globalization of their respective national markets. In addition, they are both facing the pressure of rapid urban growth as a result of rural^urban migration. Suburbanization and inner-city redevelopment are happening rapidly in both cities (Firman, 1998; Wang and Zhou, 1999) . As such, the urban development and redevelopment processes contribute much to the shape of the property-value surfaces.
Data were collected through field reconnaissance in 2000 and 2001. Data items include map layers of the respective cities, development plans and policies, and property prices. Details of the map layers include administrative boundaries, road networks, landmarks, main shopping areas or centers, and other amenities. Official development plans were gathered for the analysis of neighborhood information. Property prices refer to advertised average prices of recently completed apartment housing units in Beijing. A second-hand housing market is yet to open and become established, and thus there are no data concerning preowned housing. The project name of each apartment building was included in the database for georeferencing. For Jakarta, valuation prices of residential properties were gathered on the bases of street, which also included the average values. Similarly, the geometrical center of each street was recorded for georeferencing. All the property prices were converted to unit-based values for comparison. Table 1 shows a summary of the data. There are big gaps in both cities between the lowest and the highest values. Jakarta's data shows more variations, as indicated by the coefficients of variations.
The geographical coverage in Beijing is greatly different from that in Jakarta. The so-called`urban planning area' of Beijing, which includes the planned city proper as well as more remote suburbs, occupies a total of 16 800 km 2 . The planned city proper has an area size of 1040 km 2 , and about six million residents (Zhou and Meng, 2000) . The central city of Beijing, which is roughly defined by the Fourth Ring Road, occupies about 300 km 2 . This central area accommodates about 4.5 to 5 million residents as well as about 2 million`floating population'öa term used to describe migrants from the countryside. In Jakarta, the extended metropolitan area is composed of DKI Jakarta, Bogor, Tangerang, and Bekasi, and is known as`Jabotabek' (Firman, 1998; Han and Basuki, 2001 ). The area of Jabotabek is 6418 km 2 ; about 20 million people live in the Jabotabek region. DKI Jakarta, which is the abbreviation of the Special District of the Capital City, is about 661 km 2 . However, its population is a mystery: a 1995 survey reported that 9.1 million inhabitants lived in the DKI Jakarta area, whereas a 1997 survey reported 7.7 million (Cybriwsky and Ford, 2001 , pages 199^200); a census report in 2000 recorded 8.37 million people in this area. No one is sure whether these results were produced by inaccurate accounting, or are a product of the suburbanization process. In this study, data for Beijing were collected for the extended central city area bounded by the Fifth Ring Road. The majority of Beijing's housing development is located in this area of about 700 km 2 . In Jakarta, the data covers the DKI Jakarta area.
From the average housing value indicators (that is, advertised sales price of residential apartments in Beijing, and government valuation prices of housing in Jakarta), surface models were constructed by use of the triangulated irregular network (TIN) method. The TIN method is one of the two main approaches used in building digital surfaces from point input. In building a TIN, all the sample points are used to establish triangles in such a way that no other points are located within the converted circle of each triangle (Bernhardsen, 1999) . The (x, y, z) coordinates of all points, as well as the triangle attributes of inclination and direction, are stored in a vector database which also contains the triangles represented in polygons and nodes in a topological data storage structure. The second approach is the grid method, in which the area of interest is divided into a network of cells, and each cell is assigned a value by interpolation on the basis of the sampled values. A raster surface can then be constructed according to the interpolated values. The TIN model is more difficult to establish as it involves more steps than the grid model. But the data-storage structure of TIN models is more effective because areas of terrain with little detail are described with fewer data than similar areas with greater variations. Nevertheless, TIN models require larger storage capacity than grid models. Further, TIN models are good for describing terrain because the sharp breaks of slope between uniform-slope facets can be easily represented.
Figures 1 and 2 (over) show the TINs as derived from the data for Beijing and Jakarta, respectively. There are 301 sample points for Beijing and 2254 sample points for Jakarta. For Beijing, 1166 data nodes and 2301 data triangles are generated with a Z-range between 2800 RMB yuan per m 2 and 26 240 RMB yuan per m 2 . A conversion factor of 0.02 is applied to offset the exaggerations on Beijing's Z-value in TIN generation. For the TIN constructed for Jakarta, a total of 8147 data nodes and 11 403 data triangles are generated. The Z-value ranges between 93 500 Indonesia Rupiah per m 2 to 8895 000 Rupiah per m 2 .
The conversion factor applied is 0.0005. As a result of the larger number of sample points, there are more data nodes and data triangles in the Jakarta TIN than that in the Beijing TIN. This consequently leads to a finer surface in the Jakarta TIN. In the ArcGIS environment, which is the package used for TIN generation, a Z-value can be returned to the user when the mouse cursor is placed and activated on any particular position on the TIN. This interactive feature allows the user to enquire the predicted values, though the returned value must be used with caution as it is determined by the sample points nearby. Figure 1 shows the digital terrain surface of residential property values in Beijing in the year 2000. Three characteristics are immediately discernible. First, the propertyvalue surface is not cone shaped, or shaped like a circus tent, as would be expected according to monocentric and polycentric structures. Rather, there are great variations ranging from high to low residential property values throughout the space. Low property values appear in the midst of higher ones, and vice versa, distorting the smooth TIN surface by introducing drastic changes. These changes are discernible throughout the study area, though the fluctuations are more intense within the area bounded by the Third Ring Road. How do we explain these variations? In real estate research, there are five groups of factors which contribute to the level of housing price: the overall market condition, tenure type, structural character, neighborhood condition, and location. The overall market condition and tenure type have little relevance in Beijing's case, as (1) the analysis focuses on spatial variations at a single point in time, rather than on time-series dynamics, which is more affected by the changing market conditions; and (2) all the sample properties are built on state-owned land with seventy-year lease for residential land use. Some structural characteristics are relatively constant, such as age of the building, size of the unit, and housing type öall samples are recently completed apartment buildings measured in price per m 2 . Other structural characters, such as standards of design, construction, material use, and management, are influential on the property values. Indeed, quality and taste are selling points in Beijing's housing market and this has led to an increasing participation of foreign planning and architecture firms in various projects. Residential apartments targeting expatriates, in which exotic design concepts and imported building materials are used, could fetch a price ten times higher than apartments built for ordinary citizens. Gong Yuan Liu Hao, Beijing's most expensive condominium cum serviced apartment, located on the Changan Avenue, west of the Forbidden City and within the Second Ring Road, costs 40 000^60 000 RMB yuan per m 2 . The work of a French interior designer and the imported furniture, carpets, and golden wallpapers are among the selling factors explaining the high price. The neighborhood factor is perhaps another explanation of the spatial variations of the prices. In the late Qing Dynasty Beijing's neighborhoods were tagged as fu (affluent), gui (elite by occupation or kinship), pin (poor), and po (rundown). The affluent and elite residences were in the north of the city, demarcated by the Changan Avenue, whereas the poor and rundown areas were in the south. This north^south division between the`privileged' and the`ordinary' continue in present-day Beijing. In addition to this is the emerging social segregation occurring as a result of the economic reform in the last two decades (Gu and Shen, 2003; Hu and Kaplan, 2001 ). In addition, some areas of Beijing have better schools than other areas (for example, the Zhongguancun district), which is a factor leading to higher housing prices. The location factors, which can be measured by the air distance, street distance, or time distance to selected centers and amenities, are traditionally important factors in shaping property-price distributions. Curve-estimation statistics will be discussed in a later section.
Second, the area bounded by the Third Ring Road encompasses properties with significantly higher values. In the late 1990s residential apartments within the Fourth Ring Road usually sold for about 4000 RMB yuan per m 2 , whereas apartment blocks within the Third Ring Road were marketed at scarcely below 6000 RMB yuan per m . This large amount of residential development was necessary to meet the demand for residential properties by government organizations that rushed into housing purchase using public funds before the termination of the welfare housing distribution scheme in 1998. Thus, residential property prices was boosted by strong demand from government organizations, as the market in the study area was largely dominated by danwei (that is, work units) which bought apartment units for their staff and workers. According to Zhou and Meng (2000) , danwei accounted for 80% of the transactions of residential properties in inner Beijing in the late 1990s; the majority of individual buyers could only afford apartments in remote suburbs.
Further, inner-city redevelopment programs under the control of the Beijing Municipal Government were instrumental in redeveloping the old high-density low-rise housing areas. In the 1990s there were 168 redevelopment projects implemented, with 53 completed by 2000. The total building space completed was 14.5 million m 2 , which replaced about 5 million m 2 of old, dangerous structures and involved the relocation of 184 000 households (Beijing qing nian bao 13 August 2001). These residential developments were carried out by means of five approaches in the 1990s. The first approach was to use real estate development as a driving force to redevelop. This approach was profit driven and accounted for about 80% of the redevelopment projects. Second, there was redevelopment driven by infrastructure improvement and provision. Examples included the expansion of several main city streets, such as Fu wai da jie (Fu wai Street), Ping an da jie (Ping an Street), and Guang an da jie (Guang an Street). The third was a government-funded redevelopment of municipality-owned housing. The fourth involved the use of housing collectives for self-funding redevelopment projects, such as those in the areas of Shuang huai shu, Si ping yuan, and Ma che dao in Xuan wu District. From its inception in 1988 to the year 2000, housing collectives amounted an operational fund of one billion RMB yuan. A total of 2 million m 2 of residential buildings were constructed, which resolved the housing problems of 30 000 needy households (Beijing Daily 10 October 2000). The fifth approach was the integration of residential redevelopment into conservation projects. As Beijing is a historic city, with a large number of heritage sites to preserve, funding could be made available for the extended environment around a historical building or structure. The conservation of the famous Baitasi dong xiang fang used this approach. The Beijing Municipal Government set up a target plan to complete the redevelopment of all wei jiu fang (dangerous and old buildings) by 2005 (Zhong guo fang di chang bao 18 December 2000).
Third, higher property values are skewed to the northeast of Beijing, with the highest value recorded in the planned CBD area. In Beijing the idea of establishing a CBD was included in development plans in the 1990s, but actual moves towards its implementation were only started in 2000. Following a decision made by the 82nd mayor's session, on 8 August 2000, the Beijing Municipal Government set up the Beijing CBD Development Committee and the Office of Development and Management of Beijing CBD. Mr Liu Qi, the Mayor of Beijing, spelt out clearly that a CBD in Beijing would serve as a port to the World Trade Organization. It would also expand the economic functions of the capital city and facilitate Beijing's plan to globalize (Zhong hua jian zhu bao 30 April 2001). The planned CBD has a land area of 3X99 km 2 , with its business core centered in the so-called`Golden Cross'öthe intersection between Changan Avenue and the east Third Ring Road (Beijing wan bao 18 September 2001). Factories and businesses currently occupy about 62.5% of this land.
Since 2000 many developers have come into the planned CBD area with huge projects. A number of high-end apartment blocks have already been constructed. Examples are the Modern City, and World Trade-International Condominium. The World Trade Center's phase-three project, which is funded by Hong Kong capital, includes a`super-6 star' hotel with a total height designed to be 330 m öthe highest building in Beijing. In December 2000 the Office of Development and Management of Beijing's CBD invited eight firms famous in urban planning and design, including both domestic and foreign firms, to submit detailed development plans for the CBD planning competition. Of the three winning designs, two were from US firms and one from a Japanese firm. These submissions were used as references in finalizing the development plan of the Beijing CBD.
In discussions with residents in Beijing during this research, it was clear that Fengshui (wind and water, literarily; refers to the location, direction, etc of the physical property which may have some predictable consequences to the health, wealth, and prosperity of the occupiers) played a role in shaping the property-value pattern. Traditionally, the northern part of Beijing was regarded as Long mai, meaning the dragon vein, and implying the best location according to Fengshui. It should be noted that the perception of Long mai in northern Beijing was neither a coincidence nor purely superstitious. The northern part of Beijing, and the northeast to a certain extent, served as the main gateway to northern China and linked Beijing to the coast (that is, port cities such as Tianjin). When the Qing Dynasty was established in 1644 Manchurians came to Beijing as rulers, and Manchurian clans were settled around the Forbidden City in central Beijing for the purpose of protecting the Emperor. According to the importance of the clan (that is, its closeness in kinship to the Emperor), higher rank clans were given land in the northern part of the city (Huan qiu shi bao 25 August 2000). The Han Chinese families were settled in the southern part of the city as they were low-class people. Nevertheless, commercial activities prospered in southern Beijing: for example, the Qianmen area became a main commercial district. The perception that northern Beijing has a better Fengshui than southern Beijing continues and shapes the property-value distribution pattern.
Spatial distribution of residential property values in Jakarta
Three comparable characteristics can be summarized for the property-value surface in Jakarta (figure 2). First, as with the property-value DTM in Beijing, Jakarta's residential property surface DTM shows drastic fluctuations. The three-dimensional digital terrain surface is full of shaded slopes of different sizes, reflecting the high and low values of properties in various geographical locations. The two high-value towers that are surrounded by numerous value hills are outstanding [figures 2(a)^2(d)]. A map overlay between the DTM and a location map with Jakarta's planned CBD area shows that the two towers are within the Golden Triangle commercial zone, riding on the old CBD in the northern corner of this Golden Triangle and the new CBD in the southern corner. Indeed, these are the finest districts for residential properties in Jakarta, where prestigious neighborhoods of single-family homes on tree-lined streets, such as Cikini, Menteng, Kuningan, and Kebayoran Baru, were built (Cybriwsky and Ford, 2001, page 205) . The rest of the bumpy terrain is filled by kampungs and government-built flats in four-storey and eight-storey blocks for low-income and middle-income residents. According to Sujarto (1997) , the kampungs accommodated 60% to 70% of Jakarta's population. At least half of the kampungs were poorly serviced. In 1990, for example, a survey revealed that 55% of the houses in Jakarta had no private toilet facilities; 50% had no electricity; and only about 45% were served by purified water (Sujarto, 1997, pages 3^4) . Nevertheless, there are variations among the kampungs. Some kampungs which had begun as squatter settlements have gained legal tenure and have paved their streets, built canals, and improved their housing (Cybriwsky and Ford, 2001, page 207) . The government-built apartments were constructed by the National Housing Development Cooperation (Perumnas) under the guidance of the Public Housing Authority in Indonesia (Winarso and Kombaitan, 1997, page 10). Both organizations were established in 1973 after the National Conferences on National Housing.
In the period between 1985 and 1993, Perumnas built about 30 000 housing units in the Jabotabek area, with less than 10% of the total in the DKI Jakarta region (Winarso and Kombaitan, 1997, page 12) . Perumnas housing units formed value peaks in the digital terrain, as they were more expensive than kampung housing. The presence of Perumnas housing also pushed up property values in the area. For example, one of the first large Perumnas housing projects was constructed in Depok, which is in south Jakarta where a campus of the University of Indonesia is located; land prices in that area increased by 75% within the first two years of its construction (Winarso and Kombaitan, 1997, page 11) . The areas with the lowest residential property values are areas dominated by rumah liar, or squatters. These areas are often prone to flooding, and are along canals and railway lines.
Second, the central area of Jakarta demonstrates extensive fluctuations in property values öunlike the relatively uniform high property values in Beijingöforming a clear contrast between the two cities. The highest residential values were found in the old and the new CBD areas, registering as high as 8.9 million Indonesia rupiah per m 2 (US $1 9000 rupiah in 2002). The lowest values were few hundred times lower than the highestöin the region of about 100 000 rupiah per m 2 or even less. This sharp contrast of values led to many projects in which slums were converted into integrated multiuse complexes of residential areas, shopping centers, and office space in the central area (Firman, 1998, page 238) . But these redevelopment projects have not filled up much of the value gaps, as reflected by the digital terrain. By the same map-overlay exercise, using DTM and the location of CBD, it can be seen that within the planned Golden Triangle, even along the Thamrin^Jalan Sudirman corridor between the old and the new CBDs, there are significant contrasts between high and low values. This is a typical reflection of the urban scene in many developing countries: slum settlements persist in city centers and may be located right behind the modern skyscrapers (Han and Basuki, 2001 ).
The question is that of why these central locations with high potential of value addition through real-estate development are not capitalized. One explanation is the high cost of inner-city redevelopment associated with landownership and site clearance. At present, there are four types of land tenure in Jakarta: (1) hak milik (right to ownership); (2) hak guna bangunan (right to build); (3) hak pakai (right to use); and (4) without certificate. Hak milik, which accounts for 25.5% of the land titles, confers absolute ownership of the land. Hak guna bangunan, which accounts for 35.4% of the titles, gives the titleholder the right to construct a building on the land for a maximum period of thirty years, with a possible extension for another twenty years. Hak pakai, which accounts for 13.1% of the titles, grants the right to use the land for a specific purpose for a period not exceeding twenty-five years, renewable for an additional term of twenty years. The remaining 26% of occupiers are without certificate and live in slums and squatter settlements (Biro Pusat Statistik, 1997). Clearly, only 25.5% of the land is in private ownershipöthe rest is state-owned land or land without clear ownership. With effective government intervention, the large proportion of land in state ownership could be a positive factor facilitating inner-city redevelopment. However, in Indonesia, the government is challenged by corruption scandals concerning officials and by poor law enforcement. A transparent land market has yet to be established, but transactions of state land involve under-the-table dealings. In other words, the hidden cost of redevelopment on state land can be very high.
In addition, kampung housing is usually crowded, which means the cost of relocation of the existing residents is high. The sites are poor physically in terms of flooding and lack of infrastructure, as discussed above. Moreover, potential sites for redevelopment are surrounded by kampungs which pose negative neighborhood externalities on the new development. Indeed, both Perumnas and private developers prefer remote suburban locations for their housing projects. According to the numbers provided by Winarso and Kombaitan (1997, page 12) , Perumnas built, on average, 362 units in Jakarta, 271 units in Bogor, 2160 units in Tangerang, and 1611 units in Bekasi per year during the period 1985^93. The same period saw on average 178 units in Jakarta, 3961 units in Bogor, 9897 units in Tangerang, and 12 230 units in Bekasi per year built by private developers. Developers believe that they are constrained by difficulties in getting low-priced land for housing and other purposes (Firman, 1998, page 238) . This has led to a recent proposal for a project covering 8000 ha on reclaimed land, known as the Kawasan Wisata Terpadu Pantai Kapuknaga, in a coastal area in the district of Tangerang.
Third, high-value residential properties form a strip running north^south, lining up the two value-peak areas, high-value locations in the coastal area, and the southern suburb. The high-value areas are clearly discernible in figure 2. The historical development process of central Jakarta is responsible for this pattern. Urban Jakarta started from the coastal area with Batavia, a town built by the Dutch for their commercial ventures in 1618 (Winarso and Kombaitan, 1997, page 2). By 1643 27 068 inhabitants lived in Batavia, including 2024 Dutch (Cybriwsky and Ford, 2001, page 201) . The Dutch portion of the town was built with fashionable homes and Dutch-style canals, whereas the other areas, which were inhabited by Javanese, Malays, Chinese, and other ethnic groups, were developed more spontaneously without formal plans. One of the significant southward expansions of Batavia probably occurred in 1740, when a deadly riot against ethnic Chinese influence in commerce led to the assignment of a new site to be built as a walled suburb south of the town. This area turned into a commercial center and today is Jakarta's historic Chinatown. By the beginning of the 19th century, the old Batavia was almost abandoned: the town was dirty and foul smelling with polluted canals and water ponds. A new elite district was established south of Chinatown and east of the old CBD area. After independence in 1945, President Sukarno pushed the development of Jakarta towards``the greatest city possible'', in all aspects, including grand boulevards, monuments, skyscrapers, workers' housing, and sport complexes. This led to the formation of the old CBD in the 1950s and the 1960s. The four decades from the 1970s onwards witnessed further southward extension of the central area, and the formation of the new CBD, as well as rapid suburbanization in the surrounding districts of Bogor, Tangerang, and Bekasi, driven by urbanization in the period 1966^69, the emergence of private developers in the period 1970^84, and a real-estate boom from 1985 to 1997. In the late 1980s land prices in central Jakarta soaredödoubling and tripling within a single year (Winarso and Kombaitan, 1997, page 23) .
Intracity variations
In this section intrametropolitan variations in property-value distribution are revealed by examining the three-dimensional profiles in eight directions, systematically selected, and by curve-estimation statistics of eight geographical sectors. Separate curve estimations between distinctive geographical zones are made, the results of which show that the distance-decay curve fits better in the outer ring of the two cities, whereas the historical cores of the two capitals must be modeled differently. diagonal lines at 458 angles between the vertical and the horizontal lines (refer to the profile-orientation diagrams positioned in the center of figures 3 and 4). In the Jakarta case, the diagonal lines for profiles 0^4 and 0^8 have been adjusted in order not to miss some value peaks. The Beijing TIN does not show similar peaks to those in the Jakarta TIN, and therefore the diagonal lines are not adjusted. A number of features in common can be observed by comparing figures 3 and 4. First, a general trend of distance decay of property values can be seen in most of the directions, including profiles 0^1, 0^2, 0^5, 0^6, and 0^7 for Jakarta, and profiles 0^1, 0^2, 0^3, 0^5, 0^6, 0^7, and 0^8 for Beijing. Locations nearer to the city center have higher values, though there are some distortions as reflected by the fluctuations in the profiles. Profiles 0^3, 0^4, and 0^8 are exceptions for Jakarta, and profile 0^4 is an exception for Beijing. In these cases a considerable portion of the graphs do not conform to the distance-decay shape. Second, each profile shows a distinctive curve which can be easily differentiated from other curves; this is true both for Beijing and for Jakarta. In other words, the spatial distribution of property values changes in a different manner along the various directions traveling away from the city centers, rather than following an ideal smooth curve. Third, there are segments of the curves which are flat, that is, maintain the same value level while moving further away from the city centers. This can be observed in almost all the profiles for Jakarta, and several (for example, 0^1, 0^2, and 0^4) profiles for Beijing. Fourth, the north and northeast profiles both in Beijing and in Jakarta are exceptions to the general trends of distance decay. In Jakarta, the sea is in the north, whereas in Beijing, the mountains are found in the north.
Three-dimensional profiles
An apparent difference between the two sets of profiles is that curves for the Jakarta profiles include more fluctuations than those for Beijing. This is partly attributable to the number of sample points: the Jakarta sample is about ten times the sample size for Beijing. But Jakarta's profiles are reflective of the peak-value pockets in various directions, whereas in Beijing the main distortions caused by these value peaks are in the east and northeast directionsöwhere the CBD is developing. Recent research published by Han and Basuki (2001) reported the coexistence of modern skyscrapers and deteriorated slums in Jakarta (page 1856). Because Jakarta's sample data are streetbased, the profiles reflect the value differences between rich and poor neighborhoods.
Curve-estimation statistics
Five regression models were estimated for each of the sample sets in Beijing and Jakarta, respectively, and then for geographical sectors defined by an equal one eighth of an assumed cone peaked at the center of each of the two cities [figure 5(a) and 5(c)]. These functions include (1) linear regression; (2) logarithmic regression; (3) exponential function; (4) quadratic regression, and (5) cubic regression; these equations are listed below:
where Y x is the property value at distance X; a, b, c, and d are the parameters to be estimated in the respective models. Figure 5 . Curve estimation for Beijing and Jakarta: (a) sample distribution and subareas in Beijing; (b) the best-fit function and r 2 for Beijing; (c) sample distribution and subareas in Jakarta; (d) the best-fit function and r 2 for Jakarta. Note:`Exp' refers to the exponential function and`Cub' refers to the cubic function. Table 2 shows the curve-estimation statistics for Beijing and Jakarta from all the sample data. In both cities the exponential function yields the highest r 2 , indicating that by using exponential regression about 27.4% of the variations of the residential property price can be explained by the distance variable in Beijing, whereas in Jakarta about 32.9% of the variations can be explained by distance to the CBD.
Figures 5(b) and 5(d) show the results of the curve-estimation statistics derived for each of the eight geographical sectors in Beijing and Jakarta. The r 2 and the methods which yield the highest r 2 -values are reported in the respective sectors. In the case of Beijing r 2 ranges from 22.9% to 87.1%, with five of the eight sectors fitting into the exponential function and the other three sectors into the cubic function [ figure 5(b) ]. In Jakarta the r 2 ranges between 20.1% and 54%, with five sectors fitting into the cubic function and the other three into the exponential function [ figure 5(d)] . Clearly, the goodness of fit of the curves varies drastically from one to another sector in both cities.
History^development cores
The use of horizontal, vertical, and diagonal lines in discussing profiles and in estimating curve statistics presents a systematic portrait of the intrametropolitan variations in residential property-value distributions. Nevertheless, the above selection is on the basis of geometry rather than the sociohistorical conditions and the unique geography of the localities. In this section I differentiate an area known as the`history^development core' (HDC) from the rest of the metropolitan area, and conduct curve estimations on the core and the noncore areas in Beijing and Jakarta. The HDC is defined as an area including a number of significant sites, residential, administrative, or commercial, which were at the center of the local historical development process and developed over a long period of time. This core is much larger than a few streets or building blocks. Within the core, there is a mixture of cultural heritage sites and modern facilities (such as shopping complexes). Residents living in the core enjoy easy access to a large number of services and amenities surrounding them, rather than being limited by those clustered in the main centers as in the polycentric spatial urban form. Figure 6 shows the HDCs of Beijing and Jakarta. In Beijing the core includes the Forbidden City, the affluent and elite residences, and traditional shopping districts such as Wangfujing and Xidan. Numerous modern shopping centers have been built in the past decade and are spread all over the area. Ministerial offices and residences of high-ranking government officials are mainly concentrated in this area. The latest additions of the sports facilities (for example, the Asian Games complexes) and the new CBD are also found in the core. In Jakarta the HDC includes the north^south development corridor stretching from the ancient town of Batavia set up by the Dutch, through Chinatown, and the old and the new CBDs. There are affluent residences within this corridor as well as many public utilities. In addition, the northern shore and the immediate southeast area are included in the core. Beijing's HDC is about 150 km 2 , or 21% of the study area; Jakarta's HDC is about 110 km 2 , or 17% of the study area. Table 3 shows the descriptive statistics of residential property values in the history^development core (HDC) and the nonhistory^development core (nonHDC). Beijing's HDC accommodates residential properties with unit prices ranging between 4888 and 26 240 RMB yuan per m 2 , whereas nonHDC prices range between 2800 and 22 400 yuan per m 2 . The mean values show that the HDC area has prices which are much higher than those in the nonHDC area (10 217 versus 6268 yuan per m 2 ). The coefficients of variation show that the prices are more diversified in the nonHDC than in the HDC.
A similar pattern is discernible in Jakarta. Residential property prices range between 200 500 and 8895 000 rupiah per m 2 in Jakarta's HDC, whereas the price range is 93 500^8875 000 rupiah per m 2 in the nonHDC. The average price in the HDC is about a third higher than in the nonHDC (913 552 versus 623 862 rupiah per m 2 ). The coefficients of variation in Jakarta's HDC and nonHDC are much larger than in Beijing, indicating more contrast between the low-price and high-price properties. The nonHDC accommodates a more diversified set of prices than that found in the HDC.
A nonparametric test was conducted to ascertain the differences between the HDC and the nonHDC in residential property prices in each of the two cities, and table 4 shows the results. In both cases the mean ranks of the HDCs are significantly higher than those of the nonHDCs. This suggests that, without running the risk of assuming a normal distribution of the sample data, it is statistically true that the HDC accommodates residential properties with high-end prices, whereas the rest of the metropolitan area has, on average, low-end residential properties but a bigger range between high and low prices. Does distance to the city center differ in explaining the price variations in the HDCs and the nonHDCs? The same five regression functions were tested using the HDC and nonHDC data in each of the two cities. The results are reported in table 5. The exponential model is the best fit for Beijing's HDC. However, only 19.8% of the price variations can be explained by the distance variable. In contrast, about 40% of the price variations can be explained by the distance variable using a cubic function in the nonHDC. The same explanation power of distance to the price variations is observed in Jakarta's HDC using a cubic function, whereas in Jakarta's nonHDC 33.6% of the price variations are explained by the distance variable in an exponential function. The significant differences in the explanation powers in the HDC and nonHDC suggest a new area of study in urban modeling. Indeed, it obviously does not make sense to combine the data from two cities and fit this combined dataset into one single model. Will it be misleading to combine datasets from distinctive geographical sectors of the same city in our modeling exercise?
Discussion
Metropolitan spatial structure is unique to each city as it is heavily influenced by the history, geography, and institutional framework of the locality (Shearmur and Coffey, 2002) . Interpretation and understanding of the individual accounts of metropolitan spatial configurations offer practical values to real-estate market analysis, urban planning, and the management of cities. In-depth case studies also contribute to the continuing efforts of research towards generalization of urban spatial structure and development processes. Over the years, theoretical and empirical discussions on metropolitan spatial structure have been grounded on the distance-decay function in modeling the relationship between land value and distance to the city center. Monocentric and polycentric urban forms have been advanced as generalizations (Anas et al, 1998; Ingram, 1998) . However, discrepancies in data collection, measurement, and methods of analysis have led to many gaps in the existing literature, such as the lack of studies in property-value distributions, the lack of studies in Pacific-Asia cities, the dataaggregation problem, and the lack of systematic time-series analysis on metropolitan spatial development comparable to other cases. It is my intention in this paper to unfold the intermetropolitan and intrametropolitan variations in the spatial distribution of residential property prices in two Pacific-Asia metropolises with the aid of the readily available geodata processing techniques (that is, GIS and DTM modeling). This paper contributes to real-estate market analysis by introducing and demonstrating the use of TIN models in property-value visualization, and the associated profiles and curve-estimation statistics for quantitative assessment. More importantly, this paper contributes to the existing stock of knowledge about spatial structures of cities. First, studies on distribution in metropolitan areas mainly look at the distribution of population densities, and to a lesser extent employment. Ingram (1998) provides a good review on what has been learned. Studies on land markets emphasize the underlying nature of land economics for population distribution, whereas the housing literature is largely focused on issues relating to demand and supply (Ingram, 1998) . The spatial configuration of property values has yet to be examined. Second, most of the studies of urban spatial structure deal with US cities, including Los Angeles, Chicago, Atlanta, Cleveland, San Francisco, and Washington DC; Shearmur and Coffey (2002, page 577) list a number of references published in the 1990s. In contrast, only a handful of non-US cities have been studied, among which several studies concern cities in developed countries, such as Canada (Shearmur and Coffey, 2002) , Australia (Freestone and Murphy, 1998) , and Japan (Zhang, 1991) . Cities in developing countries have received little attention. Exceptions include the work of Mills and Tan (1980) , Ingram and Carroll (1981) , Dowall and Leaf (1991) , Dowall (1992) , and Han and Basuki (2001) . Nevertheless, data and methodology problems have prevented these research efforts on nonUS cities from yielding convincing conclusions (Shearmur and Coffey, 2002, page 577) . Third, aggregate data in the study of intrametropolitan spatial structure allow only the broadest trends to be identified. Moreover, these trends may be misleading as they conceal the spatial variations within the huge metropolitan territory. In statistical modeling of the distance-decay function, for example, the distance to the city center is used in a formula which does not take into account the positioning of the sample points. Thus, a city may or may not demonstrate a strong distance-decay pattern as a result of distortions stemming from a few geographical sectors. In choropleth mapping, aggregate data disguise within-zone variations (Martin, 1996) . Moreover, different geographical scales of analysis units for which data are collected yield different results and conclusionsöwhich is commonly known as the`modifiable areal unit problem' (MAUP ösee Openshaw, 1984) . Fotheringham and Wong claim that``the presence of the MAUP raises our skeptism on the reliability of the results reported from an analysis of aggregated spatial data because these results are likely to vary with the level of aggregation (the scale problem) and with the configuration of the zoning system (the zoning problem) '' (1991, page 1025) . The data problem has long been recognized by researchers (for example, Goodchild and Gopal, 1989; Ingram, 1998) . Longley and Mesev (2000) explore the use of ADDRESS-POINT data and conclude that``in a partial sense the new generation of digital framework data products also resolves ecological fallacy and modifiable areal unit problems in spatial analysis'' (page 487). Similarly, in this paper the use of property sample points and the TIN method help to limit the modifiable areal unit problems in analysis. Fourth, there are claims that metropolitan development follows a common process and that the spatial configuration converges to similar polycentric or multiple-centered patterns (Garreau, 1991; Freestone and Murphy, 1998; Ingram, 1998) . Ironically, it is doubtful whether these generalizations are based on valid comparisons because results are from studies limited to single urban areas (Forstall and Greene, 1997, page 705) . Shearmur and Coffey's (2002, page 594) study of four Canadian cities, on the basis of comparable data definitions and methodology,``call[s] into question the notion that all metropolitan areas share a similar form, as well as the notion that they are all following similar paths of spatial development''. Though this paper provides a snapshot of spatial distribution patterns by focusing on selected years, rather than a time-series analysis, the findings add in a Pacific-Asia perspective. If the spatial development process is common at all, cities in different parts of the world must be differentiated according to their stages in the course of development.
Summary and conclusions
The DTMs constructed for Beijing and Jakarta reveal two distinctive spatial structures of property-value distributions in Pacific-Asia cities. In Beijing the central area bounded by the Third Ring Road yielded uniformly high property value, including the highest spots in the newly planned CBD (that is, the Golden Cross area). In contrast, Jakarta's property-value space was dictated by two significant value towers, which were both in the Golden Triangle Area but occupied different corners of the broadly defined CBD area. In three-dimensional views, Beijing's property-value surface resembles the roof pattern of castles, whereas Jakarta's resembles an image of modern television towers. Both terrain surfaces show drastic fluctuations between high and low property values throughout the metropolitan areas. High-value properties in Beijing are skewed towards northeast of the city; in Jakarta, high-value properties were predominantly found along the north^south development corridor of DKI Jakarta.
There are unique processes shaping the DTM patterns. First, direct government intervention defined the`hot spots' within the metropolitan boundaries. President Sukarno's efforts in building Jakarta into a spectacular city with various landmarks and functional complexes laid down the base for the formation of the Golden Triangle. The old CBD was formed during the Sukarno era, and the legacy of the location of these physical elements led to the rapid growth of the new CBD under President Suharto's liberalized economic policies. In Beijing the planned CBD in the Golden Cross came to include the highest quality and highest value spots in the built environment. Again, the hands of the Beijing Municipal Government were apparently at work in steering the development process, from project planning to administration and management.
Second, market forces had an influence on the location of development. Low returns in inner-city redevelopment sites, as a result of the extensive under-the-table deals associated with corruption of government officials, discouraged inner-city redevelopment in Jakarta. On the other hand, high returns in redeveloping inner Beijing, as a result of government subsidies in land purchase, promoted redevelopment there. Indeed, the revenue incentive of inner-city redevelopment and upgrading in Beijing was so strong and attractive to developers that the municipal government had to restrict the participation of developers in order to preserve the traditional urban image and to prevent overheated redevelopment. In 2000 twenty-five areas were designated as historical conservation areas where commercial development of real estate was forbidden (Beijing qing nian bao 18 August 2000). Interestingly, markets both in Beijing and in Jakarta operate in an environment in which the law and government are weak.
Third, physical settings and historical development have a significant influence on the value-distribution patterns both in Beijing and in Jakarta. As a city, Jakarta started from the north along the coast; southward expansion, from Batavia, Chinatown, the elite district, to the old and then the new CBD, together with development in the eastŵ est directions forms the historical corridor of development. In Beijing the importance of linking with the north, where the Manchurians were from, reinforces the Fengshui thesis. Northern Beijing accommodated the high-ranking clans of the Manchurians in the Qing Dynasty (1644^1911) and continues to be the location where residents believe there is a better Fengshui than in the south. This has led to an overwhelming number of developments and a property-value surface skewed towards the north.
Neither of the two DTMs present a spatial distribution pattern that resembles a cone-shaped monocentric value pattern or circus-tent-shaped polycentric distribution. This may, on the one hand, be caused by the limited coverage in terms of geographical area. DKI Jakarta is only about 10% of the size of the Jabotabek, whereas the area defined by the Fourth Ring Road accounts only for less than some 2% of the planned Beijing municipal area. Much of the recent housing development has been in the surrounding districts of Bogor, Tangerang, and Bekasi. In Beijing, suburbanization driven by housing construction is emerging (Zhou and Meng, 2000) . Nevertheless, generalizations in the classical wisdom oversimplify the reality. There is a trend of distance decay, as the DTM models and the three-dimensional profiles, as well as the curve-estimation statistics, indicate. But the distance variable only explains about 30% of the price variations. Moreover, the distance-decay functions show drastic differences among the systematically selected geographical sectors. These sectoral variations in three-dimensional profiles and curve-estimation statistics challenge the results reported from studies in which the positioning of the sample points are treated as unimportant. In spatial statistics, misleading conclusions can be drawn if the true location attributes are not properly taken into account (Arbia, 2001) . In this line of enquiry, in this paper I introduce the concept of a history^development core, which is peculiar to the long histories and high population densities in Pacific-Asia cities. Sample datasets within the HDC do not fit the curve-estimation functions as well as those from the nonHDC. The best-fit model in the HDC merits further studies.
Beijing and Jakarta are two Pacific-Asia real estate hotspots, where economic growth is likely to result in more inflow of international capital to the built environment. The understanding of the spatial configurations of the property-value surfaces, as well as the factors shaping the space markets, is thus essential for successful venture into these markets. Moreover, studies on the metropolitan spatial structure of Beijing and Jakarta, which are both capital cities of heavily populated countries, and are both among the largest cities in the world, are indispensable in developing generalizations about urban spatial structure and development. This paper is probably the first comparing two large Pacific Asia metropolises using relatively consistent property data and geodata processing methods. The three-dimensional surfaces provide visual portraits of the property-value distributions which are easy to comprehend. Three-dimensional visualization can be a useful means of monitoring metropolitan real-estate development as it is not complicated to construct technically with off-the-shelf geoprocessing packages, though one has to know the basic principles of terrain analysis and the errors associated with the various interpolation techniques. Besides hinting at potential sites for investment, the three-dimensional surfaces provide remarkable research opportunities to academics. Apparently, a polycentric configuration is not clearly discernible in the three-dimensional surfaces of residential property distribution in Beijing or Jakarta. More observations at a different point of time are required to assess whether there is a trend of convergence toward polycentric spatial configuration. The drastic variations in curve-estimation statistics among the systematically defined geographical sectors pose a challenge to conventional modeling practice, as model results are potentially distorted by data aggregations. Pacific-Asia metropolitan areas may be too big and too diversified to be modeled in an aggregate manner. Geographical disaggregation is required. A more accurate delimitation of the HDC and the best-fit models within the core need to be worked out in future research.
